ABSTRACT
INTRODUCTION
Geospatial data are acquired by space or conventional techniques. The space techniques of GNSS produce ellipsoidal heights (h) based on mathematical best-fit ellipsoid model of the earth surface. GNSS is presently used for coordinate (N, E, H) determination of points of interest on the earth. The orthometric height (H) is determined from the relationship given by Abdulkahdum (2015) and as: H = h-N (1) The N is termed geoid undulation that is the difference between ellipsoid and geoid surface used for the conversion of ellipsoidal height to orthometric height. The N is given by Heiskanen and Moritz (1967) and as: N = h-H (2) Geoid undulation may be determined from global, regional and local geoid models. GNSS, by default is integrated with global model e.g. EGM 2008. Global models are classified into satellite only (GRACE) and satellite combined with terrestrial gravity data e.g. EGM 2008. For practical geodetic data applications, there is the need for evaluation of global geoid by comparison with another model, the accuracy achievable before use in geospatial data acquisitions. Odera and Fukuda (2015) observed that global models are too generalized to be adopted for local geo-data measurements. In a place like Nigeria with no official national geoid model and unreliability of global geoid models, the need for local geoid development is very important for GPS user community. Pavlis et al. (2008) confirmed that lack of gravity data contribution from Nigeria in the development of EGM 2008 geoid model implies that generated gravity was used and hence reliability of geoid undulations are very poor and hence lead to unreliable orthometric height. This can also be viewed from the worldwide EGM 2008 geoidal map where Nigeria falls within the gravity fill-in category as shown in Figure 1 . To remedy the effect in local applications, local geoid is imperative. Local geoid model can be determined by gravimetric, astro-geodetic, geometric methods. This study adopted the geometric method due to the availability of controls in the F.C.T. with orthometric heights (H) whose coordinates (N, E, H) were collected from Survey and Mapping department of Federal Capital Development Authority (FCDA). www.ijsrp.org GNSS is integrated with global model (EGM2008, EGM 96) by default. EGM2008 was developed by the US National Geospatial-Intelligence Agency according to Pavlis et al.(2008) with WGS84 as reference global ellipsoid to best -fit the earth surface for heights as vertical datum. The AllTrans 3.002 EGM geoid calculator was used to compute the geoid undulation for the observation points. Kotsakis et al. (2010) say the EGM2008 has a resolution of 9 km. The particular choice of EGM2008 was mainly due to its high resolution. Yi and Rummel (2014) opined that EGM2008 is the most comprehensive representation and the highest resolution of the Earth's gravitational field currently available.
With GPS/Levelling technique and existing orthometric height (H) in F.C.T, the geoid undulation was determined from equation (2) . This procedure is referred to as geometric geoid approach and is very practicable especially with widespread use and acceptability of GPS by surveyors for geodetic applications. This study therefore presents the determination of geoid undulation using the EGM global model and DGPS levelling over 24 controls points. The static DGPS provided better ellipsoidal heights and logically, better ellipsoidal heights would lead to better estimates of geoid undulation and hence orthometric heights. Figure 2 shows the geodetic surfaces of ellipsoid, geoid and geoid undulation.
The earth surface is the physical surface and the geoid is an equipotential surface of the gravity vector which best-fits, in a least squares sense, global mean sea level ignoring oceanographic effects. Since the mass of the earth is not uniform at all points due to subsurface materials, the gravity value varies and hence the shape of the geoid is irregular. The geoid is very appropriate for orthometric height realization. The use of geoid became highly relevant with the development of GNSS space techniques which makes geoid (global, regional/national and local) determination one of the goals of geodesy. The ellipsoid is the mathematically generated surface used to approximate the actual earth surface and is used as reference in space techniques. The heights referred to ellipsoid and geoid are termed ellipsoidal orthometric heights respectively. (See Fig. 2 .) Figure 2 : Terrain/earth surface, geoid and ellipsoid heights Geology of the study area FCT is said to be predominantly underlain by metamorphic and igneous rocks of Precambrian age within the basement complex (Kogbe,1989) . Precambrian Basement Complex rocks underlie three areas of Nigeria including the North-central area where FCT is located. FCT also lies outside the two zones suspected of tectonic activities in the country. The implication of this is that geodetic infrastructures/controls are geo-dynamically stable. Figure 3 shows the geological map of Nigeria. 
METHODS
The DGPS geodetic receivers were used and in relative mode on base reference station for a 2 hour duration of each rover observation positions. This provided primary data of latitudes, longitudes and ellipsoidal heights. The secondary data were collected from surveying and mapping department of F.C.D.A. which are the coordinate list, maps of Nigeria and Area councils of FCT. AllTrans EGM2008 geoid calculator was also used for geoid computation.
Data Sets
The datasets required for this study include: Orthometric height (H) shown in Table 1 ; Ellipsoidal height (h) from static DGPS measurements by relative technique; AllTrans3.002 EGM geoid calculator for geoid undulation (N) computation and GPS computed geoid undulation from N= h-H
Orthometric Height (H)
This is the height required for survey, mapping, engineering/environmental applications as well as geo-scientific studies. These heights are referred to the geoid surface which is a surface that is at all places on the surface at right angles to the gravity vector direction. The list of controls obtained from Surveying and Mapping Department of FCDA, Abuja. The orthometric heights are referenced to Mean Sea Level (MSL) approximation of the geoid surface. Table 1 shows a list of coordinates with orthometric height. 
RESULTS AND DISCUSSIONS
The results from this study are highlighted below: Ellipsoidal Height (h) The dual frequency GPS Hi-Target V30 Pro geodetic receiver model was used in static mode for 2 hours session during the field work on a primary control base (FCT260 P) reference station in relative technique mode. The base receiver was constantly logging data throughout the duration of collecting fieldwork. Online post-processing software CSRS-PPP (Canadian Spatial Reference Service Precise Point Positioning) was used to post-process GNSS RINEX data submitted through internet. ISSN 2250-3153 http://dx.doi.org/10.29322/IJSRP.8.10.2018.p8230
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Geoid Undulation/height (N)
The geoid height (N), is required for the most notable and primary use of the transformation between Global Positioning System (GPS)-derived ellipsoidal heights and orthometric heights. After post-processing of the Rinex data from CSRS-PPP online software, the geoid undulation is computed from both global EGM 2008 global model and GPS observed ellipsoidal height.
i) From EGM2008.
The geoid undulation was computed from AllTrans 3.002 EGM 2008 geoid calculator. For the observed points, the calculator was used for global N and results are shown in Table 3 . ii) From GNSS observations The ellipsoidal height (h) from GNSS is combined with existing orthometric (H) from FCDA (Surveying and Mapping) to compute geoid undulation (N) from N=h-H and results are shown in Table 4 . It can also be noted that the geoid undulation is also nearly consistent like the EGM determined geoid model. This is also desirable for orthometric height determination for local applications.
The geoid undulation differences ( -) From computations, the differences between both EGM and GNSS derived geoid undulations are shown in Table 5 . In Table 5 , the computation of standard deviation (σ) was done and the value is given as σ = 0.419m.
Specifications for Topographical Survey
This step becomes necessary to determine from the standard deviation of the differences compared against the specifications given by American Society of Photogrammetry and Remote Sensing (ASPRS 1993) as shown in www.ijsrp.org Table 6 , it is seen that EGM2008 with σ=0.419, checked against the specification above, can be used to produce topographical plan of 4m contour interval for less accurate survey, feasibility studies and preparation of master plan or land use classification maps but inadequate for survey applications where a high accuracy is required.
ANALYSIS AND DISCUSSIONS
Steps used for comparing the two methods of geoid undulations from global and observations. Twenty-four controls were used for these observations and the geoidal undulations from the two are shown in Table 5 . From the Table 5 , the standard deviation (σ) of the geoid undulation differences computed is σ = 0.419m. This is considered as the accuracy indicator of the global EGM2008 model. This accuracy is definitely inadequate in the FCT study area for geospatial data acquisition for orthometric height using GNSS method. Though the EGM 2008 geoid model shows nearly consistent geoid undulation values, the resulting standard deviation proved the unacceptable and inadequate behavior of the global model in local applications in the FCT study area which may be attributed to the lack of gravity contribution from Nigeria during the development of EGM 2008. In Central Mozambique, Merry (2009) reported a 3m difference between EGM orthometric height and the levelled height. The range of the differences in the Table 7 above (1.585 m) obtained from this study is a pointer to the fact that for local applications, the global model (EGM 08) is not be an adequate source of orthometric height determination. This has buttressed the fact for the need for development of local geoid by geometric method using GNSS. This difference has serious implications for topographical mapping, cadastral survey, engineering/environmental studies and others.
Discussion
The static GNSS provided better ellipsoidal heights. It is logical that better geoidal undulation would lead to better estimates of orthometric heights. The results from this study have confirmed the investigation of Uzodinma et al.(2014) in the evaluation of EGM2008 in UNEC ( a value of 1.019m), Okiwelu et al. (2011) and others that reported about 1m accuracy in global model using spherical harmonics over Nigeria. This study has shown a RMSE of 0.934m. In Thailand, an accuracy of 1.012m was reported in the evaluation of EGM 2008 The following conclusions are made from this study:
1) The smaller the range of values (between lowest and highest -2008 ) the better the orthometric heights obtained, in this instance, the range of 1.585m is clearly an indication that EGM2008 should not be adopted for orthometric height determination in the study area.
2) The standard deviation of σ=0.419 computed when checked against the APSR table (1993) shows that at the very best only topographical survey of 4m contour interval can be produced using EGM 2008 geoid model and this may not be accepted for surveying, mapping, engineering and environmental studies.
3) The standard deviation value or root mean square error is a confirmation of absence of gravity values from Nigeria being part of input data in the development of EGM2008. Actually a generated gravity was used for Nigeria from the classification depicted on EGM global geoid map 4) This study has also implied that use of GNSS with local geoid model is preferable to using EGM2008 global geoid for orthometric height determination.
RECOMMENDATIONS

1) Though
Nigerian has no official geoid model, each state may be encouraged to develop a geometric geoid model for local applications instead of adopting a model that is inadequate for practical geo-data acquisitions. 2) Efficient utilization of GNSS in almost all applications requires development of an appropriate geoid model for transformation of ellipsoidal height to orthometric height. 3) Since GNSS (GPS) observations were used for determination of geoid undulation, polynomial models may use the values for the modelling of geoid for local applications.
